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In the title molecular salt, C23H3oN4^"^-2PFg^, the central 
benzene ring of the cation makes dihedral angles of 89.80 (8) 
and 85.23 (7)° with the pendant imidazole rings. In the crystal, 
the cations and anions are linked by numerous C— H- ■ F 
hydrogen bonds, thereby forming a three-dimensional 
network. 

Related literature 

For further details of imidazol-2-ylidenes, see: Arduengo et al. 
(1991); Scott & Nolan (2005); SchoU et al. (1999). For a related 
structure, see: Villegas et al. (2005). For the stability of the 
temperature controller used in the data collection, see: Cosier 
& Glazer (1986). 




Experimental 

Crystal data 

C23H3oN/"-2PFr 
Mr = 652.45 
Monoclinic, P2^/n 
a = 11.9269 (4) A 
b = 19.1480 (6) A 
c = 12.4233 (4) A 
P = 103.479 (1)° 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T. = 0.845, r„„ = 0.961 



V = 2759.04 (15) A' 
Z = 4 

Mo Ka radiation 
fi = 0.26 mm^' 
r = 100 K 

0.67 X 0.29 X 0.15 mm 



67401 measured reflections 
9961 independent reflections 
8004 reflections with / > 2o-(/) 
Ri„, = 0.030 



Refinement 

R[F^ > 2a(F^)] = 0.046 

wR(F^) = 0.117 

5 = 1.05 

9961 reflections 

397 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„ = 0.94 e A"' 

Ap„i„ = -0.38 e A"' 



D-H-A 




D-H 


H- ■ A 


D-A 


D-H- - A 


C1-HM-- 


F3' 


1.00 (2) 


2.49 (2) 


3.411 (2) 


153.1 (18) 


C1-H2B-- 


F7" 


1.01 (2) 


2.47 (2) 


3.480 (2) 


173.7 (18) 


C3-H3/1- ■ 


F6" 


0.97 


2.53 


3.3303 (17) 


140 


C3-H3B- ■ 


F2' 


0.97 


2.48 


3.4151 (17) 


161 


C4-H4A- ■ 


F8"' 


0.93 


2.37 


3.248 (2) 


157 


C5-H5/1- ■ 


F4" 


0.93 


2.34 


3.0754 (16) 


136 


C5-H5A- ■ 


F12'" 


0.93 


2.52 


3.1110 (18) 


122 


C6-H6/1- ■ 


F6" 


0.93 


2.31 


3.1005 (16) 


143 


C14-H14/1 


■ ¥9" 


0.97 


2.45 


3.401 (2) 


167 


C15-H15/1 


■ Fe" 


0.93 


2.42 


3.1873 (16) 


139 


C16-H16yl 


■ -FS™ 


0.93 


2.46 


3.3113 (19) 


152 


cn-miA 


■■F3 


0.93 


2.53 


3.2000 (18) 


129 


C18-H18B 


■ ■F4" 


0.97 


2.54 


3.2398 (17) 


129 


C18-H18B 


■ Fb" 


0.97 


2.50 


3.3781 (17) 


150 


Symmetry codes: (i^ 


x,y,z — 1; (ii 


) A- -1- i, -y + l,z 


-i; (iii) -x-\ 


- 1, —.V, —z: (iv) 



-.r+l,-y, + 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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2,4-Bis [(3-allylimidazolium-l-yl)methyl] mesitylene bis(hexafluoridophosphate) 

R, A. Haque, M, Z. Ghdhayeb, M, Hemamalini and H,-K, Fun 

Comment 

Since Arduengo's report of stable imidazol-2-ylidenes (Arduengo et al, 1991), there has been growing interest in the use of 
A'-heterocyclic carbene (NHC) species (Scott & Nolan, 2005). NHC ligands act as o-donor ligands with minimal jt-accepting. 
NHC ligands have proved to be particularly useful in olefin metathesis and palladium-catalyzed cross-coupling reactions. 
Imidazol-2-ylidene and imidazolin-2-ylidene-based ruthenium alkylidenes are more active and thermally stable than the 
original tricyclohexylphosphine-based systems developed by SchoU et al.,{\ 999). The title compound (I), which possesses 
an imidazolidine ring, is a member of this NHC family. 

The asymmetric unit of the title compound, (Fig. 1), consists of one 2,4-Bis(3-allylimidazolium-l- 
ylmethyl)mesityleninium dication and two hexafluorophosphate anions. The central benzene (C8-C13) ring makes dihedral 
angles of 89.80 (8)° and 85.23 (7)° with the terminal imidazole (N1/N2/C4-C6)/(N3/N4/C15-C17) rings. The P-F distances 
in the anion are in the range 1.5906 (9)-1.6161 (9) A. This values agree with a previously reported crystal structure (Villegas 

a/., 2005). 

In the crystal (Fig. 2) of (I), the cations and anions are linked via intermolecular C — H - F (Table 1) hydrogen bonds 
forming a three-dimensional network. 

Experimental 

A mixture of imidazole (0.9 g, 13.2 mmol) and sodium hydroxide (0.5 g, 12 mmol) in DMSO (5 ml) was heated to 90°C for 
2 hr. The mixture was cooled to room temperature using a water bath. To this mixture, a solution of 2,4-bis(bromomethyl) 
mesitylene (2 g, 6.5 mmol) in DMSO (10 ml) was added. The mixture was then heated to 40°C for 1 hr, then poured into 
water (40 ml) followed by cooling in ice. The precipitate formed was collected, washed with water, and recrystallized from 
methanol/water to give product A (1, 3 -bis(A'- imidazole- 1-yl methyl) benzene) as a white solid (1.39 g, 56%). Furthermore, 
a mixture of A (0.5 g, 1.3 mmol) and allyl bromide (0.4 g, 3.3 mmol) in acetonitrile (30 ml) was refluxed at 90°C for 24 
hr. The solvent was removed under reduced pressure to give a pale-brown oil. The resulted bromide salt was converted 
to its hexafluorophosphate salt by metathesis reaction using KPFg (0.2g, 1.1 mmol) in 20 ml of methanol. The precipitate 
formed was collected and washed with distilled water (2x5 ml) and then recrystallized from acetonitrile to give colorless 
solid (0.41g, 87%). Colourless blocks of (I) were obtained by slow evaporation of the salt solution in acetonitrile at room 
temperature. 

Refinement 

Atoms HIA, H2A, H2B, H19A, H20A and H20B were located from a difference Fourier maps and refined freely [C-H = 
0.96 (2)-1.01 (2) A]. The remaining H atoms were positioned geometrically [C-H = 0.93-0.97 A] and were refined using a 
riding model, with J7iso(H) = 1 .2 or 1 .5 {7eq(C). A rotating group model was used for the methyl group. The highest residual 
electron density peak is located at 0.78 A from PI and the deepest hole 0.56 A located at from P2. 
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Figures 



Fig. 1. The asymmetric unit of the title compound, showing 30% probability displacement el- 
lipsoids. 




Fig. 2. The packing of the title compound, showing the hydrogen-bonded (dashed lines) net- 
work. 



2,4-Bis[(3-allylimidazolium-1-yl)methyl]mesitylene bis(hexafluoridophosphate) 



Crystal data 




C23H3oN4^^-2PF6" 


^•(000) = 1336 


M,-= 652.45 


Dx= 1.571 Mgm"^ 


Monoclinic, P2\ln 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: -P 2yn 


Cell parameters from 9948 reflections 


a =11.9269 (4) A 


6 = 2.7-32.5° 


fe= 19.1480 (6) A 


|i = 0.26 mm ' 


c= 12.4233 (4) A 


r= 100 K 


13= 103.479 (1)° 


Block, colourless 


K= 2759.04 (15) A^ 


0.67 x 0.29 x 0.15 mm 


Z=4 




Data collection 




Bruker SMART APEXll CCD 


9961 independent reflections 


diffractometer 


Radiation source: fine- focus sealed tube 


8004 reflections with / > 2a(/) 


graphite 


i?i„t = 0.030 


(p and (a scans 


6max ~ 32.7 , Omin ~ 2.0 


Absorption coiTection: multi-scan 


h = -\l^\\ 


(SADABS; Bruker, 2009) 


r,„i„ = 0.845, r^ax = 0.961 


k = -29^28 


6740 1 measured reflections 


/ = -18^18 



Refinement 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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Hydrogen site location: inferred irom neighbouring 

sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = + (0.0492P)2 + 1.8158P] 

where P = (Fo^ + 27^0^3 

(A/a)max< 0.001 

Apmax = 0.94eA-^ 
Apmin = -0.38eA"2 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, convention- 
al R-factors R are based on F, with F set to zero for negative F^. The threshold expression of F^ > 2a(F^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


TI- *IT! 


PI 


0.29845 (3) 


0.210329(17) 


0.80189(3) 


0.01483 (7) 


Fl 


0.35585 (8) 


0.23350 (5) 


0.92540 (7) 


0.02644 (19) 


F2 


0.39126 (7) 


0.14866 (5) 


0.80923 (8) 


0.02345 (18) 


F3 


0.38042 (8) 


0.26307 (5) 


0.75519 (8) 


0.02462 (18) 


F4 


0.21375 (8) 


0.15861 (4) 


0.84670 (8) 


0.02257 (18) 


F5 


0.23971 (8) 


0.18722(5) 


0.67721 (7) 


0.02409 (18) 


F6 


0.20405 (7) 


0.27188 (4) 


0.79326 (7) 


0.02129 (17) 


P2 


0.39326 (4) 


0.09732 (2) 


0.23406 (3) 


0.02263 (9) 


F7 


0.33168 (13) 


0.17019(7) 


0.23935 (15) 


0.0666 (4) 


F8 


0.45444 (12) 


0.02332 (6) 


0.22843 (11) 


0.0535 (4) 


F9 


0.39508 (16) 


0.08293 (9) 


0.36090 (9) 


0.0744 (6) 


FIO 


0.27072 (10) 


0.05948 (7) 


0.19677(10) 


0.0473 (3) 


Fll 


0.51578 (10) 


0.13420(6) 


0.27155(9) 


0.0408 (3) 


F12 


0.39313 (10) 


0.10992 (6) 


0.10809 (8) 


0.0338 (2) 


Nl 


0.66628 (10) 


0.10107 (6) 


0.07606 (9) 


0.0179 (2) 


N2 


0.77406(11) 


0.02414(6) 


0.17799(9) 


0.0183 (2) 


N3 


0.64891 (10) 


0.12044(6) 


0.58660 (9) 


0.0156 (2) 


N4 


0.54619 (10) 


0.20808 (6) 


0.51093 (9) 


0.0159 (2) 


CI 


0.66298(15) 


0.23004 (9) 


-0.12513(14) 


0.0291 (3) 


C2 


0.69336 (13) 


0.20738 (7) 


-0.02262 (13) 


0.0223 (3) 


C3 


0.61482 (12) 


0.16890(7) 


0.03541 (12) 


0.0200 (3) 



R[f- > 2cj(F^)] = 0.046 
wR{F^) = 0.111 

5'= 1.05 

9961 reflections 
397 parameters 
0 restraints 
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H20B 



0.391 (2) 



0.3861 (12) 



0.456 (2) 



0.045 (7)* 



Atomic displacement parameters (A^) 
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A A'^ A 1 / A\ 

0.0201 (4) 


A AT AA / A\ 

0.0300 (4) 


0.0057 (3) 


A AA^A /'?\ 

0.0060 (3) 


A AA1 A /0\ 

-0.0014 (3) 


F3 


0.0232 (4) 


A A'> A /' A\ 

0.0206 (4) 


0.0332 (5) 


A AA1A /"I \ 

-0.0039 (3) 


A A 1 '^A /' A\ 

0.0129 (4) 


A AA 1 T /"> \ 

0.0017 (3) 


F4 


0.0245 (4) 


A r\-i C A /' A\ 

0.0154 (4) 


AAT11 / A\ 

0.0311 (4) 


A AAA A ("i \ 

-0.0004 (3) 


A AIIT /' A\ 

0.0132 (4) 


A AAI O /I \ 

0.0038 (3) 


F5 


0.0256 (4) 


A A'^ /' ^ / A\ 

0.0267 (4) 


A A100 A\ 

0.0188 (4) 


A AAAA / A\ 

0.0009 (4) 


0.0028 (3) 


A AA1 O /1\ 

-0.0038 (3) 


F6 


A A'^ T t / /1\ 

0.0235 (4) 


A A1 CCt / A\ 

0.0159 (4) 


A A'^ ZTO / A\ 

0.0268 (4) 


A AAZT'^ /'^\ 

0.0062 (3) 


A A 1 AZT /'?\ 

0.0106 (3) 


A AAT7 

0.0037 (3) 


P2 


0.0322 (2) 


A A1AOA ^ 1 /'\ 

0.01989 (16) 


A A1 OAI /I /'\ 

0.01803 (16) 


A AAAAA /I 

-0.00999 (15) 


0.01042 (15) 


A AAI T A /I 

-0.00370 (1 


F7 


0.0671 (9) 


0.0405 (7) 


A AAOT /I '^X 

0.0987 (12) 


0.0078 (6) 


A Al'^'^ /A\ 

0.0322 (9) 


A A1 A 1 /■'7\ 

-0.0301 (7) 


F8 


A AZTOA /0\ 

0.0680 (8) 


A A1 /^'\ 

0.0262 (5) 


0.0476 (7) 


A A1 AA /t\ 

0.0109 (5) 


A A'^ Af^ 

-0.0242 (6) 


A AA A '> / C \ 

-0.0042 (5) 


F9 


A 1 AA / 1 

0.1209 (13) 


A AO ^A /I 1 \ 

0.0869 (11) 


0.0207 (5) 


A AT T A / 1 A\ 

-0.0730 (10) 


0.0274 (7) 


A A1 T t /zr\ 

-0.0135 (6) 


FIO 


0.0404 (6) 


A A/' 1 C /0\ 

0.0615 (8) 


0.0444 (7) 


-0.0288 (6) 


0.0185 (5) 


A A1 yl 

-0.0124 (6) 


Fll 


0.0414 (6) 


A A A \ 

0.0502 (7) 


A A1AT /C\ 

0.0307 (5) 


A A'^ J" C / C\ 

-0.0255 (5) 


A AAOA /C\ 

0.0080 (5) 


A A1 /C\ 

-0.0122 (5) 


F12 


C\ C\A AO / £\ 

0.0448 (6) 


A AT7A /C\ 

0.0379 (5) 


A A 1 AT /' A\ 

0.0193 (4) 


A A1 '^A f C\ 

-0.0120 (5) 


A AAO A / A\ 

0.0084 (4) 


A AAT C / A\ 

0.0035 (4) 


Nl 


A A'^ 1 o / e\ 

0.0218 (5) 


0.0155 (5) 


A A 1 /T /C\ 

0.0146 (5) 


A AAAO 

-0.0008 (4) 


A AAAO //l\ 

0.0008 (4) 


A AAA/T //t\ 

0.0006 (4) 


N2 


0.0270 (6) 


A A 1 1 A 

0.0130 (5) 


AAII^" /' C\ 

0.0135 (5) 


A AAAA ^ A\ 

0.0009 (4) 


A AA 1 A / A\ 

0.0019 (4) 


A AAAC /' A\ 

-0.0005 (4) 


N3 


A A 1 /C\ 

0.0157 (5) 


A A 1 TA /C\ 

0.0170 (5) 


A A1 Ar\ /' c\ 

0.0149 (5) 


A AAA/' / A\ 

0.0006 (4) 


A A A C C / A\ 

0.0055 (4) 


A AA'^ 1 / /I \ 

0.0021 (4) 


N4 


A A 1 ^ /I /'C\ 

0.0164 (5) 


0.0166 (5) 


A A 1 CO /C\ 

0.0158 (5) 


A A A 1 C / /I \ 

0.0015 (4) 


A AA^A / A\ 

0.0060 (4) 


A A A 1 / A\ 

0.0012 (4) 


CI 


0.0252 (7) 


A A1 1 

0.0332 (8) 


0.0287 (8) 


A AAA'^ / \ 

0.0002 (6) 


A AA/"> /' /' \ 

0.0062 (6) 


A AAO A / r\ 

0.0084 (6) 


C2 


0.0200 (6) 


A A 1 A /'/'\ 

0.0196 (6) 


A A"^ /"I /■'7\ 

0.0263 (7) 


A AAA A ( C\ 

-0.0004 (5) 


0.0034 (6) 


A AA 1 A ( C\ 

0.0014 (5) 


C3 


0.0201 (6) 


A A 1 A O /'/'\ 

0.0198 (6) 


A A 1 AA //'\ 

0.0190 (6) 


A AAI C /C\ 

0.0035 (5) 


A AA'^A /^'\ 

0.0020 (5) 


A AAI 1 ( C\ 

0.0033 (5) 


C4 


A AT OT /0\ 

0.0387 (8) 


A A1 O /I 

0.0184 (6) 


0.0161 (6) 


A AAC A 

-0.0054 (6) 


A AA'^A ^£\ 

-0.0029 (6) 


-0.0022 (5) 


C5 


0.0446 (9) 


A A 1 /I 1 ^/'\ 

0.0143 (6) 


0.0165 (6) 


A AA'^ A ^ /'\ 

-0.0024 (6) 


A AAA'^ //'\ 

-0.0002 (6) 


A AA1 r / C\ 

-0.0036 (5) 


C6 


0.0233 (6) 


A A 1 /I A 

0.0149 (5) 


A A1 A'y / C\ 

0.0142 (5) 


0.0022 (5) 


A AA 1 A 

0.0014 (5) 


A AA C ( A \ 

-0.0015 (4) 


C7 


0.0290 (7) 


A A 1 ^' O //'\ 

0.0158 (6) 


0.0162 (6) 


A AAZT/I /'C\ 

0.0064 (5) 


A AAA1 /^'\ 

0.0003 (5) 


A AA 1 A / C\ 

-0.0014 (5) 


C8 


0.0203 (6) 


A A1 '^A /C\ 

0.0120 (5) 


A A 1 T A /C\ 

0.0139 (5) 


A A A /I A /' A\ 

0.0040 (4) 


A AAAA /'C\ 

0.0009 (5) 


A AAA'^ /' A\ 

0.0002 (4) 


C9 


A A 1 /''I / C \ 

0.0167 (5) 


A A 1 1 /C\ 

0.0126 (5) 


A A 1 ^ /' / r \ 

0.0176 (6) 


A AAAT /A\ 

0.0007 (4) 


A AAA/' /C\ 

0.0006 (5) 


A A A 1 C / A\ 

0.0015 (4) 


CIO 


A A 1 C /I /C\ 

0.0154 (5) 


A A 1 /I A /C\ 

0.0140 (5) 


0.0143 (5) 


A AA'^ 1 / A\ 

0.0023 (4) 


A AA1 C / A\ 

0.0035 (4) 


A AA'^ 1 / A\ 

0.0023 (4) 


Cll 


A A1 £0 

0.0168 (5) 


A A1 "3 /I 

0.0134 (5) 


A A1 /1C f C\ 

0.0145 (5) 


0.0024 (4) 


A AA1 A 

0.0014 (5) 


A AAA/1 

0.0004 (4) 


C12 


A A1 AO /C\ 

0.0148 (5) 


0.0155 (5) 


A A 1 T/T //r\ 

0.0176 (6) 


A AAA /I / A\ 

0.0004 (4) 


0.0022 (5) 


A AAAT / A\ 

0.0007 (4) 


C13 


A A 1 /''I /C\ 

0.0167 (5) 


A A 1 /I O /^\ 

0.0148 (5) 


0.0165 (5) 


A AA A 1 / A\ 

0.0041 (4) 


A AA AC / C\ 

0.0045 (5) 


A AAI 1 /' A\ 

0.0033 (4) 


C14 


0.0192 (6) 


0.0195 (6) 


0.0183 (6) 


0.0042 (5) 


0.0063 (5) 


0.0060 (5) 


C15 


0.0167 (6) 


0.0186(6) 


0.0176 (6) 


0.0019(5) 


0.0070 (5) 


0.0039 (5) 


C16 


0.0206 (6) 


0.0228 (6) 


0.0210 (6) 


0.0006 (5) 


0.0116(5) 


0.0039 (5) 


C17 


0.0211 (6) 


0.0249 (7) 


0.0221 (6) 


0.0029 (5) 


0.0122 (5) 


0.0030 (5) 


C18 


0.0197 (6) 


0.0188(6) 


0.0190 (6) 


0.0044 (5) 


0.0060 (5) 


0.0033 (5) 


C19 


0.0379 (9) 


0.0208 (6) 


0.0235 (7) 


-0.0014 (6) 


0.0090 (7) 


0.0013 (5) 


C20 


0.0603 (13) 


0.0220 (7) 


0.0392 (10) 


0.0048 (8) 


0.0230 (10) 


0.0002 (7) 


C21 


0.0229 (7) 


0.0219(6) 


0.0254 (7) 


-0.0062 (5) 


0.0015(6) 


-0.0007 (5) 


C22 


0.0254 (7) 


0.0252 (7) 


0.0240 (7) 


0.0050 (6) 


0.0117(6) 


0.0035 (5) 


C23 


0.0257 (7) 


0.0222 (6) 


0.0190(6) 


0.0000 (5) 


0.0028 (5) 


-0.0057 (5) 
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Geometric parameters (A, °) 




PI— Fl 


1.5906 (9) 


PI— F4 


1.6040 (9) 


PI— F3 


1.6052 (9) 


PI— F5 


1.6063 (9) 


PI— F2 


1.6066 (9) 


PI— F6 


1.6161 (9) 


P2— F12 


1.5830(10) 


P2— F7 


1.5853 (13) 


P2— Fll 


1.5918 (11) 


P2— F9 


1.5949 (12) 


P2— FIO 


1.6000(11) 


P2— F8 


1.6029 (12) 


Nl— C6 


1.3273 (17) 


Nl— C4 


1.3729(18) 


Nl— C3 


1.4746(17) 


N2— C6 


1.3325 (17) 


N2— C5 


1.3801 (18) 


N2— C7 


1.4802(17) 


N3— C15 


1.3306(17) 


N3— C16 


1.3810 (17) 


N3— C14 


1.4825 (17) 


N4— C15 


1.3297 (17) 


N4— C17 


1.3771 (17) 


N4— CIS 


1.4719(17) 


CI— C2 


1.314(2) 


CI— HIA 


1.00 (2) 


CI— H2B 


1.01 (2) 


C2— C3 


1.502(2) 


C2— H2A 


0.99 (2) 


C3— H3A 


0.9700 


C3— H3B 


0.9700 


C4— C5 


1.352 (2) 


C4 — H4A 


0.9300 


C5 — H5A 


0.9300 


C6— H6A 


0.9300 


C7— C8 


1.5093 (18) 


Fl— PI— F4 


90.10(5) 


Fl— PI— F3 


90.67 (5) 


F4— PI— F3 


178.56(5) 


Fl— PI— F5 


179.61 (6) 


F4— PI— F5 


89.78 (5) 


F3— PI— F5 


89.44 (5) 


Fl— PI— F2 


90.82 (5) 


F4— PI— F2 


90.45 (5) 


F3— PI— F2 


90.76 (5) 


F5— PI— F2 


89.55 (5) 



C7 — H7A 


0.9700 


C7 — H7B 


0.9700 


C8 — C13 


1.4015 (19) 


C8 — C9 


1.4022 (19) 


C9 — CIO 


1.4053 (18) 


C9 — C21 


1.5124(19) 


CIO — CU 


1.4044(18) 


CIO — C14 


1.5070(18) 


Cll— C12 


1.3860 (19) 


Cii — C23 


1.5116 (18) 


C12 — C13 


1.3931 (19) 


C12— H12A 


0.9300 


C13 — C22 


1.5081 (19) 


C14 — H14A 


0.9700 


C14 — H14B 


0.9700 


C15 — H15A 


0.9300 


C16 — C17 


1.351 (2) 


C16 — H16A 


0.9300 


C17 — H17A 


0.9300 


C18 — C19 


1.501 (2) 


C18 — H18A 


0.9700 


C18 — H18B 


0.9700 


C19 — C20 


1.324 (2) 


C19 — H19A 


0.97 (2) 


C20 — H20A 


0.96 (3) 


C20 — H20B 


1.00(2) 


C21— H21A 


0.9600 


C21— H21B 


0.9600 


C21— H21C 


0.9600 


C22— H22A 


0.9600 


C22— H22B 


0.9600 


C22— H22C 


0.9600 


C23— H23A 


0.9600 


C23— H23B 


0.9600 


C23— H23C 


0.9600 


N2 — C7 — H7B 


109.2 


C8 — C7 — ^H7B 


109.2 


H7A— C7— H7B 


107.9 


C13— C8— C9 


120.73 (12) 


C13— C8— C7 


119.79(12) 


C9— C8— C7 


119.48 (12) 


C8— C9— CIO 


119.18 (12) 


C8— C9— C21 


120.87 (12) 


CIO— C9— C21 


119.95 (12) 


Cll— CIO— C9 


120.47 (12) 



sup-6 



supplementary materials 



TTI T>1 TT/i 


on oi 


T7/1 T>1 T2£. 




ri — ri — ro 


Oft An 

oy.4/ Pj 


rj — rl — ro 


on nCi 
oy. /y (3 ) 


Tn T>1 TT/i 


1 Tn 1 A /CA 

1 /y.jU (5) 


17 1 T inn 
r 1 Z — rl — ^r / 


nn /o\ 
yu. /D (^SJ 


C 1 O DO CI 1 

r iz — ^rZ — r ii 


QA /Tl /"/rN 


T!n DO T71 1 

r / — rl — r 1 i 


OA AA {Q\ 


T?1 O DO T2C\ 

r 1 Z — r Z — r V 


1 TO /;'3 /nA 

1 /6.o3 (y) 


T?'? DO T70 

r / — rZ — ry 


OA z;') ^1 A\ 

yu.oz (luj 


CI 1 DO CO 

r 1 1 — rZ — ry 


on OQ /''7\ 


CIO DO CIA 

r 1 Z — r Z — r 1 U 


on //iA 

sy.D / (0) 


C? DO CIA 

r / — rZ — r lU 


nA c/; /o\ 

yu.so (8) 


C 1 1 DO CIA 

r 1 1 — rZ — ^r 10 


1 nc\ A A iQ \ 

1 /y.4u (^5) 


CA DO CIA 

ry — rz — r lU 


nA CI 
yU.Dl (/J 


CIO DO CO 

r 1 Z — r Z — r o 


on T7 

sy.z/ (/) 


CO DO CO 

r / — rz — r o 


1 Tn C A /OA 

1 ly.jyj ifi) 


CI 1 DO CO 

r 1 1 — rz — ^r o 


nA cA 
yO.DU (/J 


CO DO CO 

ry — rZ — r o 


on i/: /'n\ 


CIA DO CO 

r 1 U — r Z — r o 


oo n^ 
60. y4 ( /) 


"\Ti r^A 
Uo — JN 1 — C4 


1 AO O 1 i 

IDS. 81 yi-l) 


r^£. XT1 


IK /lO /"lO^ 

i2j.4y 


r^A Ml r^i 


12 J .4 J (12 J 


"\TO f~^Z 

Co — JNZ — Cj 


1AO A \ /'1'>\ 

11)5.41 (12) 


/^/^ "MO /~"7 

Co — JNZ — C / 


11^ AO ^ 1 1 \ 

120. Us (1 1 J 


/^C XTO /^O 

Cj — JNz — C/ 


11c An ^^ ^\ 
125.4/ (11) 


C 1 J — JN J — C 1 0 


1AO 11 

lUs. /2 (11) 


CI J — JN3 — C14 


120. 2y (11) 


Clo — JN J — C14 


124.y / (11) 


CI J — JN4 — CI / 


1 AQ /"1 1 ^ 
lUs.OD (11) 


CI J — JN4 — Clo 


124.01) (11) 


CI / — JN4 — Clo 


120. /4 (11) 


/^O XJ1 A 

Cz — CI — rilA 


1 1 n 1 ^^ A\ 
liy.l (14) 


/^O i^l OO D 

Cz — C 1 — rlZD 


in 0 /"I '2^ 
123.2 (Ij) 


XJ1 A oo D 
rllA — CI — rlZB 


I 1 T /: /I o\ 

II /.O (16) 


/^O 

CI — Cz — CJ 


11/1 /IT /1/1\ 

VMAi (14) 


/^o xjo A 
CI — Cz — rLZA 


1 1 n o /1 1\ 
liy.o (12) 


/^■i /^O XJO A 

Ci — Cz — rlZA 


1 1 c T /I n\ 
IID. / (12) 


"\T1 /^"J i^O 

JN 1 — C3 — Cz 


1 An on /1 1\ 
lUy.sy (12) 


Ml f^l U1 A 

JN 1 — C3 — ^ri3A 


1 AO n 

luy. / 


/^O /^l XJ'3 A 

Cz — C3 — ri3A 


1 An n 

luy. / 


N 1 — Cj — HiB 


109.7 


/^O /^l 1 III;) 

Cz — C 3 — rl 3 r> 


1 AO 1 

luy. / 


H3A— C3— H3B 


108.2 


C5— C4— Nl 


107.18(12) 


C5— C4— H4A 


126.4 


Nl— C4— H4A 


126.4 


C4— C5— N2 


106.98 (12) 


C4— C5— H5A 


126.5 



CI 1 — ClU — C14 


iin An /iiA 
liy.4/ (12) 


f~^C\ 1 A 1 /I 

cy — ciu — C14 


1 1A A/1 /I n\ 
120.04 (12) 


Clz — Cll — CIU 


1 1 o nA /I n\ 
llo.yO (12) 


i^lO i^ll i^Ol 

C Iz — C 1 1 — Cz3 


lion 
LLy.Zi (12) 


CIU — Cll — Cz3 


111 O C / 1 

121.63 (12) 


r^^^^ /^io 

Cll — Clz — C13 


IT) AA / 1 ')\ 

122.1)0 (12) 


1 0 XJ1 0 A 

Cll — Clz — ^rllzA 


1 1 O A 

iiy.o 


/^10 /^10 XJ10A 

Cli — Clz — MlzA 


1 1 n A 

iiy.o 


/^10 i^ll /^o 

Clz — C13 — Co 


1 1 o nr\ /1 1\ 
1 Is. /O (12) 


1 O 1 Q /^OO 

C 1 Z — C 1 3 — CzZ 


1 1 o Tn /^l T\ 

Ua./y (12) 


/^O "5 /^OO 

Co — CI 3 — Czz 


1 /in /"I o\ 
122.4y (12) 


N3 — C14 — CIU 


111 c/; /I A\ 

111.56 (10) 


Ml f^^ A HJ 1 /I A 

JN 3 — C 1 4 — hi 1 4A 


1 An 1 

ioy.3 


CIU — C14 — Jrll4A 


1 An 1 

loy.j 


/I XJ1 /ID 

JN3 — C14 — ^rll4D 


1 An 

loy.i 


/~^1A /^^l A JJ1 AT} 

C 1 U — C 1 4 — n 1 4d 


1 An T 

ioy.3 


Cri /I A /"'I /I XJ1 /ID 

rll4A — C14 — rll4D 


1 AO A 
105.0 


M/l C M'2 

JN4 — Clj — Ni 


1 AO CA /I 1 \ 

108.54 (11) 


XT/1 i^l ^ CTI ^ A 

JN4 — CI J — ^rll jA 


1 oc n 
125. / 


JN3 — CI J — HI jA 


1 nz n 
125. / 


CI / — Clo — JN3 


1 A/; oo /I o\ 
106.82 (12) 


CI / — Clo — rlloA 


1 0/; /; 

120.0 


M'5 /^liC XJI A 

JNi — Clo — ^rlloA 


1 0£ 

126.6 


Clo — CI / — JN4 


1 AO OO /"I 0\ 

lU / .2 / (12) 


Clo — CI / — rll /A 


1 O/i /I 

126.4 


XT^ r^'sn XJ1 n a 
JN4 — CI / — ^ril /A 


1 OiC A 

126.4 


"\T/1 1 O 1 A 

JN4 — c 1 o — c 1 y 


111 o/; /"I n\ 
11 1. /6 (12) 


"\T/1 1 O HJI O A 

JN4 — Clo — hlloA 


1 An 1 

ioy.3 


C^\i\ 1 O U10A 

C 1 y — C 1 0 — xl 1 0 A 


1 AO 1 

loy.j 


JN4 — Clo — ^rlloD 


1 AO 1 

loy.j 


1 A 1 O XJIOD 

C 1 y — C 1 0 — rl 1 OD 


1 AO 0 

loy.j 


criOA /"'lO criOD 
riloA — Clo — riloD 


1 AO n 

lo/.y 


/^OA r^\c\ o 
CzU — C 1 y — C 1 o 


1 0'5 "5^/1 0\ 

12j.j / (1 /) 


/^OA /^1A XJ1 A A 

CzU — C 1 y — ri 1 y A 


1 OA O /I 

120.2 (Li) 


/"'lO /^1A HJIAA 

Clo — ciy — hiiyA 


116.3 (13) 


/"^ 1 A /^OA CrOA A 

C 1 y — CzU — riZUA 


1 OA 1 /I C\ 

120.1 (15) 


/^1A /^OA XJO AD 

C 1 y — CzU — rizUo 


iin A /'i/i\ 
liy.O (14) 


XJO A A /^O A XJO AD 

rLzUA — CzU — rLzUrJ 


101 /o\ 
121 (2) 


r^C\ /^O 1 TTOl A 

cy — Cz 1 — HZ 1 A 


1 An c 

ioy.5 


r^c\ /^o 1 XJ0 1 D 
cy — Cz 1 — HZ Id 


1 An c 

ioy.5 


XJO 1 A /^O 1 XJO 1 D 

HZ 1 A — Cz 1 — HZ Id 


1 An c 

ioy.5 


cy — cz 1 — Hz ic 


109.5 


XJO 1 A /"'O 1 XJO 1 /"^ 

HZ 1 A — Cz 1 — HZ 1 C 


1 An c 

ioy.5 


H21B— C21— H21C 


109.5 


C13— C22— H22A 


109.5 


C13— C22— H22B 


109.5 


H22A— C22— H22B 


109.5 


C13— C22— H22C 


109.5 


H22A— C22— H22C 


109.5 
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"\T'1 XJC A 

JNz — CD — rljA 


1 T/i Z 
IZO.J 


IN i \_-t) ^iNZ, 
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